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NEW CLAIMS 45-99 

45. A device for measuring biomagnetic fields, comprising at least one 
superconducting quantum interference device (SQUID), wherein the SQUID is a SQUID 
with hysteresic voltage-current characteristic, and further comprising means for operating 
the SQUID in relaxation oscillation mode (RO mode). 

46. The device according to claim 45, wherein the SQUID is a direct-current 
SQUID (DC SQUID). 

47. The device according to claim 45, wherein the SQUID has at least two 
Josephson junctions (tunnel connections). 

48. The device according to claim 47, wherein the at least two Josephson 
junctions are internally unshunted and are connected by a line with one another. 

49. The device according to claim 47, wherein the at least two Josephson 
junctions have such a capacitance C that the voltage-current characteristic of the SQUID 
has hysteresis. 

50. The device according to claim 49, wherein the means for operating the 
SQUID in relaxation oscillation mode comprise a resistor R and an inductive resistor L 
series-connected to one another. 

51. The device according to claim 50, wherein the SQUID hastwoareal 
superconducting areas connected to one another by the at least two Josephson junctions, 
wherein the two superconducting areas, in addition to the connection via the Josephson 
junctions, are connected with one another by the resistor R and the inductive resistor L. 
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52. The device according to claim 51, wherein the greater one of the two 
superconducting areas has an edge length between 1.5 mm and 2.5 mm. 

53. The device according to claim 51, wherein a surface area enclosed by the 
two superconducting areas of the SQUID is between 1,200 jjm 2 and 2,000 |jm 2 . 

54. The device according to claim 45, wherein the SQUID is a low-temperature 
SQUID. 

55. The device according to claim 45, wherein the SQUID is a SQUID of a 
washer configuration. 

56. The device according to claim 45, further comprising an input coil and at least 
one antenna, wherein the SQUID is coupled inductively via the input coil to the at least one 
antenna. 

57. The device according to claim 56, wherein the at least one antenna is 
comprised of superconducting material and has at least one first coil (pickup coil) for 
inductive detection of a magnetic field and a second coil (input coil). 

58. The device according to claim 56, wherein the at least one antenna is a 
gradiometer antenna having at least one bucking coil in addition to the pickup coil. 

59. The device according to claim 58, wherein the gradiometer antenna is a 
symmetric axial second-order gradiometer antenna having three bucking coils. 

60. The device according to claim 58, wherein the gradiometer antenna has a 
baseline of between 5 and 7 cm. 

61. The device according to claim 58, comprising means for mechanically 
compensating (balancing) the gradiometer. 
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62. The device according to claim 61, wherein the means for mechanically 
compensating comprise a mechanism for exact positioning of one or several 
superconducting objects in the vicinity of at least one of the pickup and bucking coils. 

63. The device according to claim 58, wherein the diameter of the pickup coil and 
of the at least one present bucking coil is between 1.5 cm and 2.9 cm. 

64. The device according to claim 58, wherein the at least one bucking coil 
comprises only one winding. 

65. The device according to claim 57, wherein the diameter of the pickup coil is 

between 1.5 cm and 2.9 cm. 

66. The device according to claim 57, wherein the pickup coil comprises only one 

winding. 

67. The device according to claim 56, wherein the antenna is comprised of wire. 

68. The device according to claim 67, wherein the antenna is comprised of 
niobium wire or niobium nitrate wire having a diameter between approximately 30 urn and 
60 urn. 

69. The device according to claim 56, wherein the input coil has approximately 
20 to 40 windings. 

70. The device according to claim 56, comprising a lens for bundling the 
magnetic field lines arranged between the input coil and the SQUID. 

71. The device according to claim 70, wherein the lens is a thin foil of 

superconducting material. 

72. The device according to claim 45, comprising a Dewar container, wherein the 
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SQUID is arranged in the Dewar container. 

73. The device according to claim 72, further comprising an input coil and at least 
one antenna, wherein the SQUID is coupled inductively via the input coil to the at least one 
antenna, wherein the at least one antenna is comprised of superconducting material and 
has at least one first coil (pickup coil) for inductive detection of a magnetic field and a 
second coil (input coil), and wherein the Dewar container with exception of an area 
underneath the pickup coil is provided with a magnetic shielding. 

74. The device according to claim 73, wherein the magnetic shielding is 
comprised of aluminum foil. 

75. The device according to claim 74, wherein the Dewar container is configured 
such that a spacing between a bottom side of the pickup coil facing the Dewar container 
and the outer side of the container is between approximately 3 mm and approximately 10 
mm. 

76. The device according to claim 73, further comprising a magnetically shielded 
housing surrounding the Dewar container and sensitive parts of an electronic device 
required for operating the SQUID, wherein the housing has an opening for the area of the 
Dewar container containing the pickup coil. 

77. The device according to claim 76, wherein the housing is lined with aluminum 

foil. 

78. The device according to claim 72, wherein the Dewar container has a cooling 
medium volume in the range of between 2.5 I and 10 I. 

79. The device according to claim 45 for detecting cardiomagnetic fields, having 
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one or several SQUIDs each having an antenna. 

80. The device according to claim 79, wherein four to nine SQUIDs are provided. 

81. The device according to claim 45, having at least one pickup coil for 
determining biomagnetic fields, further comprising a movable table for positioning an object 
to be examined relative to the at least one pickup coil. 

82. The device according to claim 81, wherein the table is comprised of non- 
conducting material selected from the group consisting of wood and plastic material. 

83. The device according to claim 81 , further comprising a locking and guiding 
mechanism for moving the table along predetermined paths and for locking the table in 
certain positions. 

84. The device according to claim 81 , further comprising means for automatically 
positioning the table relative to the at lest one pickup coil. 

85. The device according to claim 84, wherein the means for automatically 
positioning the table relative to the at least one pickup coil are selected from the group 
consisting of hydraulic means, mechanical means, and hydraulic-mechanical means. 

86. The device according to claim 85, wherein the means for automatically 
positioning comprise one or several spindle drives. 

87. The device according to claim 81 , wherein the table and the at least one 
pickup coil are configured such that, when measuring magnetic fields at different locations 
of the object, the object is moved relative to the at least one pickup coil by moving the 
table while maintaining the absolute position of the at least one pickup coil. 

88. The device according to claim 45, comprising a measuring or evaluation 
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electronic device for automatically considering disturbances that can be derived from the 
periodic current-flux characteristics for switched-off feedback in order to automatically 
discard measured values recorded during occurrence of disturbances. 

89. A method for measuring biomagnetic fields with at least one antenna of 
superconducting material arranged in a Dewar container, wherein the antenna comprises 
at least one first coil (pickup coil) for inductive detection of a magnetic field and a second 
coil (input coil), and with a SQUID inductively coupled to the antenna in the Dewar 
container via the input coil, the method comprising the step of operating the SQUID in 
relaxation oscillation mode. 

90. The method according to claim 89, wherein an internally unshunted SQUID 
with hysteresic voltage-current characteristic and with two areal superconducting areas 
connected to one another by two Josephson junctions (tunnel connections), which are 
externally connected to one another by means of a resistor R and an inductive resistor L 
series-connected to the resistor R, is used, comprising the step of applying a bias voltage 
to the SQUID such that the relaxation oscillation mode is realized. 

91 . The method according to claim 89, further comprising the step of obtaining, 
before measuring biomagnetic fields, information in regard to noise present at the 
installation site of the device from periodic current-flux characteristics of the SQUID with 
the feedback being switched off. 

92. The method according to claim 89, further comprising the step of testing the 
SQUID, before measuring biomagnetic fields, in regard to proper function and quality by 
observing periodic current-flux characteristic of the SQUID with the feedback being 

-8- 

1/28/02: Prel. Amd for Docket No. S04P02US (PCT/DE00/02472 - Int. Filed: 7/27/2000) Inventor(s): Steinberg et al. 



:i-iO¥j ** ore H r 7 „ o s *t 



switched off. 

93. The method according to claim 89, further comprising the step of 
automatically taken into consideration certain disturbances of the measurement by 
automatically discarding measured values recorded at the time of occurrence of 
disturbances. 

94. The method according to claim 89, wherein the antenna is configured as a 
gradiometer with at least one bucking coil and wherein the gradiometer is mechanically 
compensated (balanced). 

95. The method according to claim 94, comprising the step of positioning one or 
several superconducting objects in the vicinity of the pickup and bucking coils. 

96. The method according to claim 89, wherein the object to be examined is 
moved into one or several different positions relative to the at least one pickup coil. 

97. The method according to claim 96, wherein the absolute position of the at 
least one pickup coil is not changed when performing the relative movement of the object 
to be examined. 

98. The method according to claim 96, wherein for detecting cardiomagnetic 
fields, the fields are measured on 36 points of a rectangular grid at a 4 cm spacing, 
respectively, to the neighboring points. 

99. The method according to claim 89 for detecting cardiomagnetic fields, 
wherein rooms in which the method is performed require no shielding against external 
electromagnetic fields. 
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CLEAN COPY OF PAGE 1, LINES 1-11 

Method and Device for Measuring Biomagnetic and in Particular 

Cardiomagnetic Fields 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The invention relates to a method and a device for measuring biomagnetic, in particular, 
cardiomagnetic, fields by means of at least one superconducting quantum interference 
device (SQUID). 

2. Description of the Related Art 

Such methods and devices are known in various forms (see, for example, H. Weinstock 
(Ed.): "SQUID sensors-and fundamentals, fabrication and applications", Kluwer Academic 
Publishers, 1996). They comprise generally at least one antenna of superconducting 
material, wherein the antenna has at least one first coil for inductive detection of a 
magnetic field and a second coil and, in general, is coupled inductively with the SQUID. 
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CLEAN COPY OF PAGE 4, LINES 1-4 

SUMMARY OF THE INVENTION 

Based on this, the invention has the object to provide a method and a device of the 
aforementioned kind which enable the measurement of biomagnetic signals with especially 
simple means, in particular, also in unshielded rooms, and thus in a cost-effective way. 
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CLEAN COPY OF PAGE 10, LINES 18-26 

Preferably, the method is performed such that an internal unshunted SQUID with 
hysteresic voltage-current characteristic and two areal superconducting areas connected 
to one another by two Josephson junctions (tunnel connections) and connected with one 
another externally by a resistor R and an inductive resistor L, series-connected to the 
resistor R, are employed and that a bias voltage is supplied to the SQUID such that the 
relaxation oscillation mode is realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further details and advantages of the invention result from the following purely exemplary 
and non-limiting description of a few embodiments in connection with the drawing, in which: 
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Fig. 1 0 shows the RO frequency dependency of magnetic flux MF wherein the line 
1 shows the course without and the line 2 the course with additional positive 
feedback (APF); 2) and wherein for clarification the circuit diagram of the 
SQUID APF circuit is inserted into the Figure. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 1 shows a magnetograph comprising a Dewar container D in which the actual 
measuring device is arranged and which is suspended from a gantry G. The 
magnetograph comprises furthermore a frame F with a movable support S, with which the 
patient P to be examined can be positioned underneath the measuring device; a 
comparison EKG E; a control unit C; a personal computer PC; and a connecting cable CC 
for connecting the measuring device arranged in the container D with the control unit C. 

The gantry G and the movable support S together make possible the positioning of the 
patient P relative to the measuring device in the desired way. The gantry, support and 
frame are made of non-magnetic material such as wood or Textolite. 
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Method and Device for Measuring Biomagnetic and in Particular 

Cardiomagnetic Fields 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a method and a device for measuring biomagnetic, in particular, 
cardiomagnetic, fields by means of at least one superconducting quantum interference 
device (SQUID). 

Z Description of the Related Art 

Such methods and devices are known in various forms (see, for example, H. Weinstock 
(Ed.): "SQUID sensors-and fundamentals, fabrication and applications", Kluwer Academic 
Publishers, 1996). They comprise generally at least one antenna of superconducting 
material, wherein the antenna has at least one first coil for inductive detection of a 
magnetic field and a second coil and, in general, is coupled inductively with the SQUID. 
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SUMMARY OF THE INVENTION 

Based on this, the invention has the object to provide a method and a device of the 
aforementioned kind which enable the measurement of biomagnetic signals with especially 
simple means, in particular, also in unshielded rooms, and thus in a cost-effective way. 
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Preferably, the method is performed such that an internal unshunted SQUID with 
hysteresic voltage-current characteristic and two areal superconducting areas connected 
to one another by two Josephson junctions (tunnel connections) and connected with one 
another externally by a resistor R and an inductive resistor L, series-connected to the 
resistor R, are employed and that a bias voltage is supplied to the SQUID such that the 
relaxation oscillation mode is realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further details and advantages of the invention result from the following purely exemplary 
and non-limiting description of a few embodiments in connection with the drawing, in which: 
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Fig. 10 shows the RO frequency dependency of magnetic flux MF wherein the line 
1 shows the course without and the line 2 the course with additional positive 
feedback (APF); 2) and wherein for clarification the circuit diagram of the 
SQUID APF circuit is inserted into the Figure. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 1 shows a magnetograph comprising a Dewar container 4 D in which the actual 
measuring device is arranged and which is suspended from a gantry 2 G. The 
magnetograph comprises furthermore a frame 3 F with a movable support 4 S, with which 
the patient 5 P to be examined can be positioned underneath the measuring device; a 
comparison EKG 6 E; a control unit 7C;a personal computer 6 PC; and a connecting 
cable 9 CC for connecting the measuring device arranged in the container 4 D with the 
control unit T C. 

The gantry 2 G and the movable support 4 S together make possible the positioning of the 
patient 5 P relative to the measuring device in the desired way. The gantry, support and 
frame are made of non-magnetic material such as wood or Textolite. 



- 17- 

1/28/02: Prel. Amd for Docket No. S04P02US (PCT/DE00/02472 - Int. Filed: 7/27/2000) Inventor(s): Steinberg et al. 



ABSTRACT OF THE DISCLOSURE 



A device for measuring biomagnetic fields is provided with at least one 
superconducting quantum interference device (SQUID). The SQUID is a SQUID with 
hysteresic voltage-current characteristic. The SQUID is operated in a relaxation oscillation 
mode (RO mode) by providing a resistor and an inductive resistor series-connected to one 
another. The SQUID has two areal superconducting areas connected to one another by 
Josephson junctions, wherein the two superconducting areas, in addition to the connection 
via the Josephson junctions, are connected with one another by the resistor and the 
inductive resistor. This configuration allows use of the device in rooms that are not shielded 
against external electromagnetic fields. 
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Method and Device forMeasu^^ 

Cardiomagnetic Fields 

The invention relates to a method and a device for measuring biomagnetic, in 
particular, cardiomagnetic, fields by means of at least one superconducting 
5 quantum interference device (SQUID). 

Such methods and devices are known in various forms (see, for example, H. 
Weinstock (Ed.): "SQUID sensors-and fundamentals, fabrication and applications", 
Kluwer Academic Publishers, 1 996). They comprise generally at least one antenna 
of superconducting material, wherein the antenna has at least one first coil for 
1 0 inductive detection of a magnetic field and a second coil and, in general, is coupled 

inductively with the SQUID. 

In this connection, the term "antenna" refers to a conductor loop bent generally of 
a wire with at least two coils comprised of one or several windings, respectively, 
wherein in one of the coils (the so-called pickup coil) a current is induced by a 

15 magnetic field which then can be imparted by means of the second coil (the so- 

called input coil) inductively onto a superconducting quantum interference device 
which results in measurable physical processes. In this type of measurement of 
magnetic fields, the Josephson effect (Cooper pairs may tunnel through a non- 
superconducting thin connecting area - a so-called Josephson junction - between 

20 two superconducting areas) as well as the fact that the magnetic flux through 

superconducting coils is quantized are utilized. 

For quite sometime now, research groups throughout the world have worked on the 
measurement of biomagnetic fields which, as has been recognized, provide 
important information in regard to pathological anomalies of very different kinds. 
25 For example, since the end of the 1960s experiments have been carried out with 

SQUIDS of most different configurations in order to measure smallest magnetic 

- 1 - 



Lit. TRL of PCT/DE00/02472 (WO 01/06907) - Inventor(s): Steinberg et al. - Assignee Squid AG 



fields caused by brain waves and cardiac waves. Some of these measurements 
have electrical analogs (for example, the magnetocardiography with 
electrocardiography and magnetoencephalography with electroencephalography) 
but others do not (for example, the non-invasive measurement of magnetic 
susceptibility of tissues and organs or the measurement of magnetic "direct-current 
fields" which are generated by inhaled, injected or orally taken magnetic materials). 

In this connection, it has been proven by a plurality of studies (compare, for 
example, W. Andra & H. Nowak (Eds.): "Magnetism in Medicine" , Wiley-VCH, 
1998, 139ff; or Hailer et al.: "Die Anwendung des Biomagnetismus in der 
Kardiologie" (Use of Biomagnetism in Cardiology) in: Prakt. Kardiol., Vol. 15, 1995, 
pp. 90-103; each with additional references) that the magnetocardiography (MCG) 
by means of SQUID sensors is an important auxiliary means in the diagnosis and 
therapy control, in particular, also in the risk stratification and early detection of a 
number of heart diseases and heart malfunctions. For example, by means of purely 
visual differences in the magnetic field maps (MFM) of healthy and diseased hearts, 
certain diseases and risks can be detected and early preventive measures can thus 
be initiated. 

Since moreover only the magnetic fields resulting from the body's own activities are 
measured, the measurement of biomagnetic fields - in contrast to methods such as 
ultrasound or magnetic resonance imaging tomography in which the body parts to 
be examined are subjected to external fields or sound waves - is indeed absolutely 
non-invasive and thus without any disadvantageous effect on the examined body 
part. Moreover, the magnetic fields can be measured completely contact-free so 
that the patient, who in most cases is already psychologically stressed because of 
his disease, must not be "wired" to a device that is possibly threatening to him. 

A further great advantage of the measurement of biomagnetic fields resides in the 
fact that the magnetic permeability of almost all materials is substantially equal to 
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1 so that, for example, magnetic fields generated by the heart activity can penetrate, 
almost uncorrupted and practically without loss, bone, soft tissue, and air to reach 
the corresponding sensors. On the other hand, the electrical conductivity varies 
greatly. Therefore, it is comparatively difficult to interpret waves that can be 
5 measured by EKG relative to their point of origin since, on their path to the 

measuring electrodes, they move always on those conductive paths which provide 
the maximum conductivity and thus the minimum electrical resistance. 

Despite the recognized great advantages of the measurement of biomagnetic fields 
and, in particular, of the MCG, especially for early detection and prenatal diagnostic, 
10 and despite the fact that already for approximately 30 years experiments with 

respect to the detection of biomagnetic fields by means of SQUID sensors have 
been undertaken, the measurement of biomagnetic fields has not yet developed into 
a standard examination method. 

This is, on the one hand, the result of the very high acquisition and maintenance 
15 costs of such known devices which, partially, provide acceptable measured data 

only in magnetically shielded rooms, wherein already the construction of such a 
magnetically shielded room requires great expenditures. On the other hand, the 
evaluation of the signals detected with the known devices requires a complex and 
partially very time-consuming after-processing which can be performed only by 
20 specialists. 

The conventionally employed magnetometers are based on direct-current SQUIDs 
(DC SQUIDs) with a ring with two Josephson junctions and a direct-current bias 
voltage wherein these SQUIDs have a hysteresis-free voltage-current characteristic. 
This requires a so-called shunting of the Josephson junctions with high capacitance 
25 which, in turn, results in a comparatively slow analog electronic device which 

operates with signals in the microvolt range and requires, in particular, for 
measuring low-frequency fields, a complex shielding and filtration. 
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Based on this, the invention has the object to provide a method and a device of the 
aforementioned kind which enable the measurement of biomagnetic signals with 
especially simple means, in particular, also in unshielded rooms, and thus in a cost- 
effective way. 

The object is solved, on the one hand, by a device of the aforementioned kind 
wherein the SQUID is a SQUID with hysteresic voltage-current characteristic and 
wherein means for operating the SQUID in the relaxation-oscillation mode (RO 
mode) are provided. 

The invention is thus based on the principle of moving from an analog operation 
mode into a pulsed mode which has a series of advantages and, in particular, 
makes it possible to measure smallest magnetic fields also in rooms that are not 
shielded, primarily also in rooms in the clinical environment where, as a result of the 
plurality of electrical devices operated nowadays, a particularly strong magnetic 
noise is present. This is all the more astonishing when considering that the 
magnetic fields generated by heart activity are within the magnitude of only 10' 10 
Tesla and less while the magnetic field which is caused by a car passing by even 
at a distance of 50 m still has a strength of 1 0' 8 up to 1 0" 9 Tesla and a magnetic field 
generated by a battery-operated tool, for example, a battery-operated screwdriver, 
even at a distance of 5 m still has a strength of 10" 9 to 10" 10 Tesla (compare, for 
example, J. Vrba: "SQUID Gradiometers in Real Environments"; in H. Weinstock 
(Ed.): "SQUID Sensors - Fundamentals, Fabrication and Applications", Kluwer 
Academic Publishers, 1996). 

The device is suitable for measurement of very different magnetic fields, in 
particular, for the magnetocardiography, but also for very different other biomagnetic 
examinations such as, for example, measurements of the magnetic susceptibility 
of the liver. 
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An advantage of the operation in the RO mode is that the important information in 
regard to the magnetic flux received by the antenna is no longer contained in the 
noise-sensitive amplitude height of the voltage signals tapped on the SQUID, as is 
known in the art, but in the frequency of these signals and is thus obtainable 
substantially simpler and faster, additionally with greater resistance to ambient 
noise. The entire electronic measuring device can be simplified in comparison to 
the known devices operating the SQUIDs in analog mode and can thus be 
embodied less expensively. 

A further advantage of the operation in the RO mode is that, simply by viewing (for 
switched-off feedback) the periodic current-flux characteristic after installing the 
device, important information in regard to the noise present at the installation site, 
in particular, information in regard to cause of the noise, can be obtained; since 
certain noise sources have a characteristic in typical causes, it is easy to undertake 
corresponding active or passive countermeasures. When, for example, the regular 
startup of an elevator motor generates a disturbance field, an electronic measuring 
or evaluation device can take this into consideration in various ways and, for 
example, can automatically discard the values measured at the time of switching 
on the motor. Also, the characteristic shows whether a certain high-frequency noise 
has external causes or whether the SQUID is possibly defective or of low quality. 

A further great advantage of the operation in the RO mode (pulsed operation) is that 
the voltage-current characteristic of the SQUID becomes insensitive relative to 
distortions which, in the analog mode, occur as a result of the resonance between 
the SQUID and the input coil, the SQUID and a feedback coil, and as a result of 
asymmetries of the superconducting areas and the Josephson junctions. Moreover, 
the modulation-demodulation method comprising modulation of the magnetic 
feedback field and required in the known devices for reducing the so-called "1/f ' or 
"flicker" noise is no longer needed because in the RO mode the bias current of the 
SQUIDs is modulated. 
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Preferably, the SQUID is an internally unshunted direct-current SQUID (DC SQUID) 
with at least two Josephson junctions (tunnel connections) which are connected to 
one another by a line and are not - in contrast to the prior art - bridged by shunts 
integrated into the component. 

5 Preferably, the means for operating the SQUID in the relaxation oscillation mode 

have a resistor R and an inductive resistor L, which is series-connected with the 
resistor R, via which the two superconducting areas are connected to one another, 
in addition to the connection via the Josephson junctions. 

Preferably, the SQUID is a low-temperature SQUID, i.e., a SQUID whose 
10 superconducting properties occur only at very low temperatures, for example, the 

temperature of liquid helium. In principle, it is also possible to produce SQUIDs of 
such materials whose superconducting properties occur already at temperatures 
considerably higher than the temperature of liquid helium, which can bring about 
advantages with respect to the operating costs; however, the so-called intrinsic 
15 noise of such high-temperature SQUIDs is significantly higher than that of low- 

temperature SQUIDs. The minimally higher operating costs of low-temperature 
SQUIDs are more than compensated by the measuring-technological advantages, 
in particular, the simpler signal filtration. 

SQUIDs of different spatial configuration can be used. However, it was found to be 
20 advantageous when the surface area enclosed by the two superconducting areas 

of the SQUID is between 1 ,200 and 2,000 pm 2 , preferably approximately 1 ,600 pm 2 . 
Particularly well suited are SQUIDs of the so-called washer type (see, in particular, 
Fig. 5), especially those in which the greater of the two superconducting areas has 
an edge length between 1 .5 and 2.5 mm, preferably of approximately 2 mm. 

25 A device provides very good results already when the antenna together with the 

SQUID forms a simple magnetometer. The results can be improved even further, 
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particularly in environments with great magnetic noise, when the antenna forms 
together with the SQUID a gradiometer wherein, in particular, the configuration as 
a symmetrical axial second-order gradiometer has been proven to be very 
advantageous. In such gradiometers the sensitivity relative to magnetic fields drops 
5 with the fifth power of the spacing of the sources of the fields to the pickup coil when 

this spacing is considerably greater than the so-called baseline (the spacing 
between the pickup coil and the first bucking coil, i.e., the first differentiation coil 
wound counter to the pickup coil) of the gradiometer. In connection with the 
measurements on the human body it was found to be advantageous when the 

10 baseline is between 5 and 7 cm, preferably approximately 6 cm wherein the 

diameter of the pickup coils in the case of a magnetometer as well as in the case 
of a gradiometer and the diameter of the bucking coil(s) present within a 
gradiometer is between 1.5 and 2.9 cm, preferably approximately 2.2 cm. As a 
material for manufacturing the antenna niobium wire or niobium nitrate wire with a 

15 diameter between approximately 30 and 60 pm was found to be beneficial. 

The pickup coil and the optionally present bucking coils can have several windings, 
respectively. Preferably, they have only one winding, respectively, such that the 
inductivity is low and the input coil must have only a few, approximately 20 to 40, 
windings in order to transfer the current in the desired way inductively onto the 
20 SQUID. In this connection, between the input coil and the SQUID a lens, in 

particular, in the form of a thin foil of a superconducting material, can be provided 
for focusing magnetic field lines. 

When instead of a magnetometer advantageously a gradiometer is used, it must be 
adjusted as a result of always present deviations from the ideal state (identically 
25 sized, uniformly shaped, exactly parallel coils) wherein the deviations are 

compensated as much as possible. This is referred to usually as "balancing" of the 
gradiometer. For balancing, different methods are known. As a result of their 
simplicity, means for a mechanical balancing of the gradiometer, in particular, a 
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mechanism for exact positioning one or several superconducting objects in the 
vicinity of the pickup and bucking coils, have proven to be especially successful. 

The device, as mentioned, can also be used in unshielded rooms. However, in this 
connection it is expedient to provide at least the Dewar container, with the exception 
of an area below the pickup coil, with a magnetic shielding, for example, to line it 
with aluminum foil. Preferably, a magnetically shielded housing, preferably lined 
with aluminum foil, is also provided which surrounds the Dewar container and the 
important sensitive parts of the electronic device required for operating the SQUID 
and has an opening for the area of the Dewar container in which the pickup coil is 
arranged. 

The known devices, in particular, for recording cardiomagnetic fields have usually 
a plurality (in general between 35 and up to 60) antennae and SQUIDs coupled 
therewith. Also, the printed prior art (compare for example, W. Andra & H. Nowak 
(Eds.): "Magnetism in Medicine", Wiley-VCH, 1998) describes these so-called 
15 multichannel systems as the most promising systems. The advantage of such 

systems is that the devices can theoretically scan in the shortest period of time a 
spatial area, for example, encompassing the entire heart. The great disadvantage 
of such systems is that the electronic measuring and evaluation device is so 
complex that, when an error occurs, the localization thereof is difficult and time- 
20 consuming. Such systems can thus be operated only by a few specialists and are 

therefore not widely used in clinical application. 

In a preferred embodiment of the invention, in particular, for determining 
cardiomagnetic fields, it is instead provided that the device has only one or a few, 
preferably between four to nine, antennae with one SQUID each. This has a 
25 series of advantages. For example, the electronic measuring and evaluation device 

is significantly simplified relative to the known devices and the Dewar container can 
be sized substantially smaller than in the known devices. 
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While one device of a well-known manufacturer has a container with a cooling 
medium volume of 25 liters, where each day approximately 5.2 liters of liquid helium 
escape, the Dewar container for the device according to the invention can be sized 
such that it has only a cooling medium volume in the range of a few liters, in 
particular, between 2.5 and 10 liters. For example, in a device according to the 
invention for recording cardiomagnetic fields a Dewar container with a volume of 6 
I is provided from which each day approximately 1.2 I will escape; in consideration 
of the significant costs of liquid helium, this results in significantly reduced 
maintenance costs. 

When only a few antennae are provided this has also the advantage that the coils 
of each antenna can be made larger. Accordingly, the pickup coils for known 
multichannel devices have diameters between 0.5 to 1 .0 cm while the coil diameter 
according to the invention is preferably between 1.5 and 2.9 cm, in particular 
approximately 2.2 cm. 

In order to simplify the evaluation of the detected signals even further, according to 
one advantageous embodiment, in particular, for detecting cardiomagnetic fields, 
a movable table for positioning an object to be examined relative to the pickup 
coil(s) is provided. It was found that the noise at one and the same location in a 
space over the course of the typical measuring intervals is relatively uniform while 
already a few centimeters away from it a noise can be measured that is also uniform 
but, with respect to its structure, is considerably different. When the measurements 
are carried out only at one or a few locations, the filter adjustments can stay the 
same for different parts of the object measured sequentially at the respective 
location. As an example, a, for example, rectangular grid with, for example, 4 cm 
spacing, respectively, to the neighboring points to be measured. If these 36 points 
were measured with a single channel system (with only one antenna and one 
SQUID) and if the antenna for this purpose were moved instead of the object to be 
examined, the recorded 36 measurement series would have to be filtered with 
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individual new adjustments. If instead the object to be examined is moved and the 
antenna remains stationary, the filters must be adjusted only once. 

The table is comprised preferably of non-magnetic and non-conducting materials 
such as wood and/or plastic materials. The table can be moved by hand for which 
5 purpose a locking and guiding mechanism for moving the table along predetermined 

paths and securing the table in certain positions can be provided. With greater 
expenditure it is also possible to position the table automatically relative to the 
pickup coil(s) wherein, however, care must be taken that the corresponding 
mechanisms and drives do not represent source of disturbance for the sensitive 
10 measuring device. 

The aforementioned object with respect to the method is solved by a method for 
measuring biomagnetic, in particular, cardiomaghetic, fields by means of at least 
one antenna made of superconducting material, preferably arranged in a Dewar 
container, wherein the antenna has at least one first coil for inductive detection of 
15 a magnetic field and a second coil, and by means of a SQUID which is inductively 

coupled with the antenna via the input coil, wherein the SQUID is operated in the 
relaxation oscillation mode. 



Preferably, the method is performed such that an internal unshunted SQUID with 
hysteresic voltage-current characteristic and two areal superconducting areas 
20 connected to one another by two Josephson junctions (tunnel connections) and 

connected with one another externally by a resistor R and an inductive resistor L, 
series-connected to the resistor R, are employed and that a bias voltage is supplied 
to the SQUID such that the relaxation oscillation mode is realized. 



Further details and advantages of the invention result from the following purely 
25 exemplary and non-limiting description of a few embodiments in connection with the 

drawing, in which: 
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Fig. 1 is a schematic illustration of a magnetograph for performing 

biomagnetic measurements on patients; 

Fig. 2 is a section of a cryogenic magnetometer embodied according 

to the invention; 

5 Fig. 3 is a schematic circuit diagram of a second-order gradiometer 

according to the invention with a SQUID that can be operated 
in RO mode; 

Fig. 4 is a schematic circuit diagram of an electronic measuring 

device for operating the SQUID in RO mode; 

10 Fig. 5 is a SQUID of the washer type in a plan view; 

Fig. 6 is a schematic illustration of the antenna and of a further 

second-order gradiometer according to the invention with a 

SQUID that can be operated in the RO mode and is coupled 
inductively with the antenna; 

15 Fig. 7 is a schematic illustration of the Dewar container and 

^ — gradiometer and measuring electronic device arranged in a 

magnetically shielded housing; 

Fig. 8 shows the hysteresic voltage-current characteristic of a SQUID 

— - to be used according to the invention; 

20 Fig. 9 shows the characteristic lines of a SQUID according to the 

invention wherein the line 1 shows the dependency of the 
feedback loop amplification coefficient G for an open slew rate 
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(SR) as a function of the frequency of the measured signal; 
and 

Fig. 10 shows the RO frequency dependency of magnetic flux MF 
wherein the line 1 shows the course without and the line 2 the 
5 course with additional positive feedback (APF); 2) and wherein 

for clarification the circuit diagram of the SQUID APF circuit is 
inserted into the Figure. 

Fig. 1 shows a magnetograph comprising a Dewar container 1 in which the actual 
measuring device is arranged and which is suspended from a gantry 2. The 
10 magnetograph comprises furthermore a frame 3 with a movable support 4, with 

which the patient 5 to be examined can be positioned underneath the measuring 
device; a comparison EKG 6; a control unit 7; a personal computer 8; and a 
connecting cable 9 for connecting the measuring device arranged in the container 
1 with the control unit 7. 

15 The gantry 2 and the movable support 4 together make possible the positioning of 

the patient 5 relative to the measuring device in the desired way. The gantry, 
support and frame are made of non-magnetic material such as wood or Textolite. 

The cryogenic magnetometer illustrated in section in Fig. 2 comprises a 
magnetically transparent Dewar container 2 which is filled with liquid helium 4 for 

20 the purpose of cooling the superconducting components to the required 

temperature. In this embodiment, the container is made of fiberglass and has a 
capacity of approximately five liters. An antenna 5 is arranged in the end area 7 of 
the container facing the magnetic field to be measured; a signal processing unit 3 
is positioned in the opposite area forming the head of the container; and the SQUID 

25 1 is arranged in the central area of the container. 
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The antenna 5 forms with its windings 8, 9, and 10 a second-order gradiometer 2 
which detects the component d2B/dz2, i.e., the diagonal component of the magnetic 
gradient sensor. The gradiometer is comprised in the illustrated embodiment of a 
that is wound, wherein the baseline is 60 mm. The reference coil 8 and the pickup 
5 coil 10 are comprised of a single winding while the central reference coil 9 has two 

windings. 

The gradiometer inductivity as well as the inductivity of the SQUID input coil is 1 pH 
in order to optimize the flux transformation. 

In Fig. 3, the core of the measuring device is schematically illustrated which is 
10 comprised of a SQUID 3, an input coil 6, a feedback coil 7, and means for operating 

the SQUID in the RO mode. The DC SQUID is shunted by means of a resistor R 
4 and an inductive resistor L 5 series-connected thereto so that an RO generator 
is formed. The device is surrounded by a superconducting shielding 8 which 
prevents the penetration of external magnetic disturbances into the SQUID [Schl?]. 
15 The transformation factor of the device is 10 MHz/O 0 , the dynamic range is 140 dB, 

the flux resolution is 8 pctyvHz, the input energy sensitivity is e s =10" 30 J/Hz, the 
sensitivity with respect to the magnetic field is 30 fTA/Hz, and the maximum slew 
rate is 3-10 6 Oq/s. 

In Fig. 4, a schematic illustration of the measuring electronic device for operating 
20 the SQUID in RO mode is illustrated. The core of the system is the RO SQUID 

which, as illustrated in Fig. 6, is comprised of a SQUID with two superconducting 
areas shunted by means of a resistor R and an inductive resistor L which are 
connected in series. 

The magnetic field (MAGNETIC FIELD) to be measured is detected by the antenna 
25 (ANTENNA) which is coupled inductively with the SQUID. 
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The SQUID is connected with a bias voltage source (BIAS SOURCE) and an 
amplifier (PULSE AMPLIFIER). The magnetic flux effects within the SQUID 
measurable voltage pulses whose frequency depends on the strength of the 
magnetic flux and which are amplified in the amplifier before they are supplied to 
a comparator (PULSE COMPARATOR), a former (PULSE FORMER), and an 
integrator (INTEGRATOR). The integrator is connected via a buffer follower 
(BUFFER FOLLOWER) with a power supply and control unit (CONTROL UNIT) 
which, in turn, is directly connected with the integrator. Moreover, the integrator is 
also connected with the RO-SQUID. 

When the direct current bias voltage is supplied to the RO SQUID, the generation 
of RO pulses begins whose frequency is determined by a measurable magnetic 
field. The RO pulses flow through the pulse amplifier, reach the pulse comparator, 
wherein the background amplitude noise of the pulse amplifier output is cut off and 
the pulse duration is extended to a value sufficient for the next cascade. After the 
RO pulses have left the comparator, they reach the pulse former and from there the 
integrator. The signal exiting the integrator runs through the buffer follower. This 
electronic signal processing device is arranged in the unit identified at 9 in Fig. 1. 
Its parameters are: frequency transmission band relative to the 3 dB level: 0+50 
kHz; output voltage for 1 flux quantum: 10 V; output voltage for 10 pT of input 
signal: 80 mV; LFF passage band - 30 Hz (-3 dB level). 

The thin film SQUID of the so-called washer type according to Fig. 5 is configured 
based on the unshunted NbN-NbN x O y -Nb Josephson junctions 26 and 28 and 
comprises two areas 32 and 34 of superconducting material which are connected 
to one another by the Josephson junctions 26, 28. The larger area 34 of the two 
areas 32 and 34 has an edge length of approximately 2 mm. The two areas 32 and 
34 enclose a surface 40, which is not to scale and which, in reality, is approximately 
40 by 40 |jm. The characteristic data of this SQUID suitable for the here described 
application are: V g = 3.8 - 4.0 mV, R n = 15 - 40 Ohm, R/R n = 12 - 44, l c = 3 - 5 pA. 
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Its voltage-current characteristic is schematically illustrated in Fig. 8. 

In Fig. 6 a second-order gradiometer is illustrated which is comprised, on the one 
hand, of an antenna, referenced in its entirety at 10, with a pickup coil 12, three 
bucking coils 14, 16, and 18, and an input coil 20. The antenna is bent from a 
5 single niobium wire loop 22. The "baseline" b (the spacing between pickup coil 12 

and first bucking coil 14) is approximately 6 cm. 

The gradiometer is comprised moreover of a so-called "unshunted" low temperature 
SQUID 24 with two Josephson junctions 26 and 28 of high capacitance C, wherein 
the SQUID 24 is inductively coupled with the antenna 10 via the input coil 20. The 
10 SQUID is moreover coupled, as is known in the art, with the feedback coil 30. The 

two superconducting areas 32 and 34 (see Fig. 5) of the SQUID are connected, in 
addition to the connection by the Josephson junctions, externally via a resistor 36 
with value R and a coil 38 with inductivity L, wherein the coil 38 and the resistor 36 
are connected in series. 

15 During operation, the SQUID is supplied with a bias current l b which satisfies the 

condition l c < l b < V p /R wherein l c is the critical voltage of a Josephson junction, R 
is the resistance of the resistor 36, and V p is the plasma voltage of a Josephson 
junction which satisfies the condition V p = V c p~ 1/2 , wherein V c = l c R c with V c as the 
critical voltage, l c as the critical current, and R n as resistance of a Josephson 

20 junction. When the condition r» r n , wherein t- L/R and r n = CR n are satisfied, a 

relaxation oscillation in the SQUID with the period duration 

T = T 0 [1 + (7T/2)(L C /L)] + (4/77 + TTlA)T n 

results wherein T 0 = rln [(1 + l c R/(V g - Rl b ))/(1 - 1 A)L L c = <PJ2ni c , V g = 4VJm 

Based on the equation for the period duration T, the dependency of the critical 
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current of the SQUID results which again depends on the measured magnetic flux 
<t> which, as is known in the art, is quantized in units of O 0 . When starting with 
relaxation oscillations with relatively low frequencies of a few MHz and using the 
dependency of the RO frequency F on the magnetic flux as a base signal, very good 
5 measuring results can be obtained with the gradiometer. In this connection, a 

working point in the area of the greatest incline dF/d<t> is selected. 

By means of a negative feedback loop the magnetic field is integrated fixedly into 
the SQUID interferometer ring which leads to a fixation of the working point at a 
specified RO frequency. 

10 Fig. 7 is a basic schematic of a Dewar container 44 together with the antenna 10 

and SQUID 24 arranged in a magnetically shielded housing 42 expediently of two 
plastic material shells 42a and 42b, wherein the upper shell 42a can be easily 
removed so that, if needed, cooling medium, in particular, liquid helium can be filled 
into the Dewar container. 

1 5 Housing 42 and Dewar container 44 are lined at their inner sides with aluminum foil 

48 and 50, respectively, for magnetic shielding wherein in the housing 42 an 
opening for the lower area 52 of the Dewar container containing the pickup coil of 
the antenna is provided and this area of the container is not shielded so that a 
magnetic field generated by an electric dipole p can be detected by the gradiometer. 

20 The Dewar container is configured such that the spacing between the bottom side 

of the pickup coil facing the container and the outer side of the container is between 
approximately 3 and 10 mm and the container has a volume for approximately 6 I 
cooling medium. When liquid helium is used for cooling, the typical loss rate is 
approximately 1.2 I helium per day so that with this configuration of the container 

25 helium must be refilled only every third day. 
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In the described way, a system for measuring biomagnetic fields can be configured 
whose system noise is under 30 fTA/Hz for a dynamic range of 140 dB and a slew 
rate of 10 6 Cys. 

The data acquired with such a system can be evaluated in very different ways, in 
5 particular, can be analyzed with respect to the strength and local position of the 

sources of the magnetic fields. 

In the context of the principle of the invention, numerous modifications and further 
developments are possible. Even though the described device has been 
constructed for measuring biomagnetic fields, it is, of course, also suitable for 
1 0 measuring magnetic fields of a different origin. 
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Claims 

1 . A device for measuring biomagnetic, in particular, cardiomagnetic, fields by 
means of at least one superconducting quantum interference device (SQUID), 

characterized in 

5 that the SQUID is a SQUID with hysteresic voltage-current characteristic 

and 

that means for operating the SQUID in a relaxation oscillation mode (RO 
mode) are provided. 

2. The device according to claim 1 , characterized in that the SQUID is a direct- 
10 current SQUID (DC SQUID). 

3. The device according to claim 1 or 2, characterized in that the SQUID has 
at least two Josephson junctions (tunnel connections). 

4. The device according to claim 3, characterized in that the at least two 
Josephson junctions are internally unshunted and are connected by a line with one 

15 another. 

5. The device according to claim 3 or 4, characterized in that the at least two 
Josephson junctions have such a capacitance C that the voltage-current 
characteristic of the SQUID has hysteresis. 

6. The device according to one of the claims 1 to 5, characterized in that the 
20 means for operating the SQUID in the relaxation oscillation mode comprise a 

resistor R and an inductive resistor L which are series-connected to one another. 

7. The device according to claim 6, wherein the SQUID has two areal 
superconducting areas connected to one another by the at least two Josephson 
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junctions (tunnel connections), characterized in that the two superconducting areas, 
in addition to the connection via the Josephson junctions, are connected with one 
another by the resistor R and the inductive resistor L. 

8. The device according to claim 7, characterized in that the greater one of the 
5 two superconducting areas has an edge length between 1 .5 and 2.5 mm, preferably 

of approximately 2 mm. 

9. The device according to one of the claims 7 or 8, characterized in that the 
surface area enclosed by the two superconducting areas of the SQUID is between 

I, 200 in 2,000 pm 2 , preferably approximately 1,600 pm 2 . 

10 10. The device according to one of the claims 1 to 9, characterized in that the 

SQUID is a low-temperature SQUID. 

I I . The device according to one of the claims 1 to 10, characterized in that the 
SQUID is a SQUID of a washer configuration. 

12. The device according to one of the claims 1 to 1 1 , characterized in that the 
15 at least one SQUID is coupled inductively by means of an input coil with at least one 

antenna. 



13. The device according to claim 12, characterized in that the antenna is 
comprised of superconducting material and has at least one first coil (pickup coil) 
for inductive detection of a magnetic field and a second coil (input coil). 

20 14. The device according to one of the claims 12 or 13, characterized in that the 

antenna is a gradiometer antenna with a pickup coil and at least one bucking coil, 
in particular, a symmetric axial second-order gradiometer antenna with a pickup coil 
and three bucking coils. 
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15. The device according to claim 14, characterized in that the baseline of the 
gradiometer antenna is between 5 and 7 cm, preferably approximately 6 cm. 

16. The device according to one of the claims 14 or 15, characterized in that 
means for mechanically compensating (balancing) the gradiometer, in particular, a 

5 mechanism for exact positioning of one or several superconducting objects in the 

vicinity of the pickup coil and or the bucking coil 

1 7. The device according to one of the claims 1 3 to 1 6, characterized in that the 
diameter of the pickup coil and of the optionally present bucking coil(s) is between 
1.5 and 2.9 cm, preferably approximately 2.2 cm. 

10 18. The device according to one of the claims 1 3 to 1 7, characterized in that the 

pickup coil and the optionally present bucking coil(s) each comprise only one 
winding. 

19. The device according to one of the claims 12 to 18, characterized in that the 
antenna is comprised of wire, in particular, niobium wire or niobium nitrate wire, with 

15 a diameter between approximately 30 and 60 pm. 

20. The device according to one of the claims 12 to 19, characterized in that the 
input coil has approximately 20 to 40 windings. 

21 . The device according to one of the claims 12 to 20, characterized in that a 
lens for bundling the magnetic field lines, in particular, in the form of a thin foil of 

20 superconducting material, is provided between input coil and SQUID. 

22. The device according to one of the claims 1 to 21 , characterized in that the 
SQUID is arranged in a Dewar container. 
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23. The device according to one of the claims 13 to 18 and claim 22, 
characterized in that the Dewar container with exception of an area underneath the 
pickup coil is provided with a magnetic shielding, in particular, is lined with aluminum 
foil. 

5 24. The device according to claim 23, characterized in that the Dewar container 

is configured such that the spacing between the bottom side of the pickup coil 
facing the container and the outer side of the container is between approximately 
3 and approximately 10 mm. 

25. The device according to claim 23 or 24, characterized in that a magnetically 
1 0 shielded housing, in particular, lined with aluminum foil, is provided which surrounds 

the Dewar container and the important sensitive parts of the electronic device 
required for operating the SQUID and has an opening for the area of the Dewar 
container containing the pickup coil. 

26. The device according to one of the claims 22 to 25, characterized in that the 
15 Dewar container has a cooling medium volume in the range of a few liters, in 

particular, between 2.5 and 10 1. 

27. The device according to one of the claims 1 to 26, in particular, for detecting 
cardiomagnetic fields, characterized in that only one or a few, preferably four to 
nine, SQUID(s) having an antenna, respectively, are provided. 

20 28. The device according to one of the claims 1 to 27, with at least one pickup 

coil, in particular, for determining cardiomagnetic fields, characterized in that a 
movable table for positioning an object to be examined relative to the pickup coil(s) 
is provided. 

29. The device according to claim 28, characterized in that the table is comprised 
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of non-conducting material, in particular, of wood and/or plastic material. 

30. The device according to one of the claims 28 or 29, characterized in that a 
locking and guiding mechanism for moving the table along predetermined paths and 
for locking the table in certain positions is provided. 

5 31. The device according to one of the claims 28 to 30, characterized in that 

means for automatically positioning the table relative to the pickup coil(s) is 
provided. 

32. The device according to claim 31, characterized in that the means for 
automatically positioning the table relative to the pickup coil(s) are hydraulic and/or 

10 mechanical means, in particular, comprising one or several spindle drives. 

33. The device according to one of the claims 28 to 32, characterized in that the 
movable table and the pickup coil(s) are embodied such that, when measuring 
magnetic fields at different locations of the object, the object is moved relative to 
the pickup coil(s) by moving the table while maintaining the absolute position of the 

15 pickup coil(s). 



34. The device according to one of the claims 1 to 33, characterized in that a 
measuring or evaluation electronic device is provided for automatic consideration 
of disturbances that can be derived from the periodic current-flux characteristics for 
switched-off feedback, in particular, for automatic discarding of measured values 

20 recorded during the occurrence of disturbances. 

35. A method for measuring biomagnetic, in particular, cardiomagnetic fields by 
means of at least one antenna of superconducting material arranged in the Dewar 
container, wherein the antenna comprises at least one first coil (pickup coil) for 
inductive detection of a magnetic field and a second coil (input coil), and by means 
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of a SQUID inductively coupled to the antenna in the Dewar container via the input 
coil, 

characterized in 
that the SQUID is operated in the relaxation oscillation mode. 

5 36. The method according to claim 35, wherein an internally unshunted SQUID 

with hysteresic voltage-current characteristic and with two areal superconducting 
areas connected to one another by two Josephson junctions (tunnel connections), 
which are externally connected to one another by means of a resistor R and an 
inductive resistor L series-connected to the resistor R, is used, characterized in that 
10 a bias voltage is applied such to the SQUID that the relaxation oscillation mode is 

realized. 

37. The method according to claim 35 or 36, characterized in that, before 
measuring biomagnetic fields, information in regard to the noise present at the 
installation site, in particular, information in regard to the causes of the noise, is 

15 obtained from the periodic current-flux characteristics of the SQUID with the 

feedback being switched off. 

38. The method according to one of the claims 35 to 37, characterized in that, 
before measuring biomagnetic fields, the SQUID is tested in regard to its proper 
function and quality by observing the periodic current-flux characteristic of the 

20 SQUID with the feedback being switched off. 

39. The method according to one of the claims 35 to 38, characterized in that 
certain disturbances of the measurement are automatically taken into consideration, 
in particular, in that the measured values recorded at the time of occurrence of the 
disturbances are automatically discarded. 

25 40. The method according to one of the claims 35 to 39, wherein the antenna is 

-23- 

Lit. TRL of PCT/DE00/02472 (WO 01/06907) - Inventor(s): Steinberg et al - Assignee: Squid AG 



configured as a g radiometer, characterized in that the gradiometer is mechanically 
compensated (balanced), in particular, by positioning one or several 
superconducting objects in the vicinity of the pickup coil and of the bucking coil(s). 

41. The method according to one of the claims 35 to 40, in particular, for 
detecting cardiomagnetic fields, characterized in that the object to be examined is 
moved into one or several different positions relative to the pickup coil(s). 

42. The method according to claim 41, characterized in that the absolute position 
of the pickup coil(s) is not changed when performing the relative movement of the 
object to be examined and the pickup coil(s). 

43. The method according to claim 41 or 42 for detecting cardiomagnetic fields, 
characterized in that the fields are measured on 36 points of a rectangular grid at 
a 4 cm spacing, respectively, to the neighboring points. 

44. The use of a device according to one of the claims 1 to 34 for detecting 
cardiomagnetic fields, in particular, in rooms not shielded against external 
electromagnetic fields. 
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(57) Abstract: The present invention relates to a method and a device for measuring biomagnetic and in particular cardiomagnetic 
fields. The problem of known methods and devices lies in that the apparatus used have costly maintenance and in that significant 
measuring results can only be obtained in magnetically sheltered premises. The device and the method of the present invention allow 
for the detection of biomagnetic fields using particularly simple means even in non-magnetically sheltered premises. To this end, the 
device includes at least one superconducting quantum interferometer (SQUID) and is characterised in that said interferometer has a 
characteristic intensity-voltage curve which is hysteretic and in that means are provided for operating said interferometer according 
to a relaxation oscillation (RO) mode. 
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